Alkaloidal extracts of seven selected plants of the family Papaveraceae were studied with respect to their activity against six strains of pathogenic bacteria and their alkaloidal fingerprint. Twenty-four alkaloids were determined by GC/MS, and twenty of them identified from their mass spectra, retention times and retention indexes. In the antibacterial assay, three Gram-positive (Enterorococcus faecalis, Staphylococcus aureus and S. hyicus), and three Gram-negative (Escherichia coli, Proteus mirabilis and Pseudomonas aeruginosa) strains were used. The most promising antimicrobial activity was shown by the alkaloidal extract of Macleaya cordata with MIC values of 16 µg/mL for Staphylococcus aureus, 32 µg/mL for Enterococcus faecalis and 64 µg/mL for Staphylococcus hyicus and Escherichia coli. All the tested pure isoquinoline alkaloids were considered inactive within the tested concentrations.
Isoquinoline alkaloids form one of the largest groups of plant alkaloids. They are produced by a wide range of plant families, which include Papaveraceae, Fumariaceae, Berberidaceae, and Rutaceae. Their biological activities include inhibition of cell proliferation, antimalarial, anti-HIV, β-adrenergic receptor antagonism, inhibition of enzymes related to the metabolism of catecholamines and indoleamins, and antimicrobial [1] [2] [3] .
Excessive uses of antibiotics in agriculture, indiscriminate use by over-prescribing in human health care, and poor patient compliance have led to the development of bacterial resistance to antibiotics [4] . This has forced scientists to search for new antimicrobial substances [5] [6] [7] . Medicinal plants are good sources of either lead compounds or new drugs per se for the treatment of microbial diseases. Various alkaloidal extracts of plants containing isoquinoline alkaloids have been tested, some of which showed promising antibacterial activity, e.g. the chloroform fraction of Argemone mexicana was significantly active against Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa, with minimum inhibitory concentrations of 1.56 to 3.12 mg/mL [8] ; and the ethanol and chloroform extracts of Macleaya microcarpa were active against four Gram-negative bacterial pathogens [9] . On the other hand, there is only limited information about antimicrobial activity of pure isoquinoline alkaloids. Those tested were primarily benzophenanthridines, of which sanguinarine showed promising antimicrobial activity against Aeromonas hydrophila, A. salmonicida, Vibrio anguillarum and V. harveyi [9] . In a later study, three benzophenanthridine alkaloids, chelerythrine, avicine and dihydrochelerythrine, showed a broad spectrum of antimicrobial activity [10] . Our research group focuses on the isolation of isoquinoline alkaloids with cholinesterase inhibition and antitumor activities, but recently we have extended our research effort to search for new antimicrobial agents.
In the present work, selected Papaveraceae plants have been assayed for their alkaloidal profile by GC/MS (Table 1) and antimicrobial activity. Additionally, eleven isoquinoline alkaloids identified in alkaloidal extracts of the screened plants were also tested for their antimicrobial activity. These alkaloids were previously isolated in our laboratory from Chelidonium majus, Eschscholtzia californica, Argemone platyceras, Macleaya cordata and Glaucium flavum (all Papaveraceae).
GC/MS analyses of some alkaloidal extracts (Argemone mexicana, Macleaya microcarpa, Glaucium flavum and Dicranostigma franchetianum) are here reported for the first time. The alkaloidal profile of A. mexicana is very similar to that of A. ochroleuca. The same alkaloids were identified with the exception of isocorydine, which has been additionally found in minor amount (2% of TIC) in A. ochroleuca. Significant differences were detected in concentrations of each alkaloid (Table 1 ). In the extract of aerial parts of Glaucium flavum only two alkaloids were identified. The main component was glaucine (98% of TIC), an aporphine alkaloid, which is a chemotaxonomic marker for this genus. The second alkaloid was unidentified, but its mass spectrum was very similar to that of glaucine. All characteristic ions differed by two units, which indicated an additional double bond in the molecule of compound A2. The alkaloidal profile of the aerial parts of Dicranostigma franchetianum was dominated by isocorydine (70% of TIC) and protopine (21% of TIC); one alkaloid, A1, was left unidentified, but the same situation as for compound A2 was observed. The mass spectrum of the unknown alkaloid was very similar to that of another aporphine type alkaloid, N-methyllaurotetanine; all characteristic ions for A1 were smaller by two units, which indicated an extra double bond. For the proper identification of both compounds A1 and A2, their isolation and spectroscopic studies are necessary.
Results of in vitro antibacterial assays are summarized in Table 2 . Three Gram-positive (Enterorococcus faecalis, Staphylococcus aureus and Staphylococcus hyicus), and three Gram-negative (Escherichia coli, Proteus mirabilis and Pseudomonas aeruginosa) strains were used. All extracts exhibited some antimicrobial activity against the tested Gram-positive bacteria. Only weak growth inhibition by the tested extracts of Gram-negative bacteria was observed, with the exception of that of M. microcarpa. This extract showed promising antimicrobial activities against four tested bacterial strains with MIC values of 16 µg/mL (S. aureus), 32 µg/mL (E. faecalis), and 64 µg/mL (S. hyicus and E. coli). Based on GC/MS analysis, allocryptopine was identified as the main alkaloid of the extract; two other main alkaloids A3 and A4 showed mass spectra typical of the benzophenanthridine type of isoquinoline alkaloids. Co-chromatography (GC/MS) of the extract with sanguinarine and chelerythrine showed different retention times, but similar mass spectra of the compounds. From these results we supposed that these alkaloids could be structural analogues of the mentioned alkaloids, but for their identification and determination of structure it is necessary to isolate them. The main alkaloid, allocryptopine, was shown in previous studies, as well as in ours, to have no antimicrobial activity, in contrast to sanguinarine, chelerythrine and their derivatives, which exhibited high activities against S. aureus, E. coli, Aeromonas hydrophila and others [9] [10] [11] . These results indicated that A3 and A4 could be responsible for the antimicrobial activity of the extract of M. microcarpa. Moderate inhibitory activities of extracts of A. ochroleuca and A. mexicana were observed also against S. aureus, with MIC values of 64 µg/mL. Both extracts were dominated by protopine and allocryptopine, which possessed no antimicrobial activities in our tests. On the other hand, in both extracts dihychelerythrine was identified in minor amounts; this is reported as an antimicrobial agent, and, in previous studies, showed antimicrobial activities against Staphylococcus epidermis, S. aureus, Streptococcus pyogenes, Bacillus subtilis, Klebsiella pneumoniae and E. coli [10] .
Here we tested a similar benzophenanthridine alkaloid, dihydrosanguinarine, isolated from a commercial extract of Macelaya cordata, but this was inactive against all tested bacterial strains. This result was rather unexpected in view of previous study by Tavares et al. [10] and Miao et al. [11] , where structure-activity relationships of antimicrobial activity of benzophenathridine alkaloids were studied [10] . One of the conclusions of these studies shows the importance of substitution at positions C-7 and C-8 (dihydrosanguinarine) of ring D in comparison with substitution at C-8 and C-9 of ring D (dihydroavicine, Figure 1 ). Studies on alkaloidal extracts of selected plants of the family Papaveraceae Natural Product Communications Vol. 9 (12) 2014 1711 The results of our study showed that the alkaloidal extracts of the tested Papaveraceae plants exhibited antibacterial activities against various bacterial strains. However, the pure compounds showed either weak or no antimicrobial activity, and thus the high activity of some extracts could be explained as a result of the combined action of multiple constituents that work either synergistically or additively. It is often argued that the efficacy of herbal medicines is a result of the combined action of multiple constituents. There are many examples in the literature whereby constituents are more effective in the phytochemical matrix than when isolated [12] [13] [14] [15] . 
Extraction of alkaloids:
Air-dried samples (10-20 g) of aerial parts were powdered and extracted 3 times with EtOH (50 mL) at room temperature for 24 h. The solvent was evaporated, the residue dissolved in 2.5% hydrochloric acid (50 mL), and insoluble components removed by filtration. After removal of neutral compounds with diethyl ether (3 x 15 mL), the filtrate was adjusted to pH 9-10 with aqueous ammonia and extracted with ethyl acetate (4 x 25 mL). The resulting extracts were dried with anhydrous sodium sulfate and the solvent evaporated to obtain the crude tertiary alkaloid extract. The dry alkaloid fraction was dissolved in methanol in order to obtain a final concentration of 1 mg/mL.
GC-MS analysis and identification of alkaloids:
GC/MS analysis was performed on an Agilent 7890A GC 5975 inert MSD operating in EI mode at 70 eV (Agilent Technologies, Santa Clara, CA, USA). The separation was carried out on a DP-5 MS column (30 m × 0.25 mm × 0.25 μm, Agilent Technologies Santa Clara, CA, USA). One μL of alkaloid solution (1 mg/mL) was introduced in split mode (split ration 1:5), at 270°C. The temperature program started at 150°C and was then ramped at 3°C/min to 300°C, and held for 15 min. A detector temperature of 200°C and a m/z range of 35-600 were set. The flow-rate of the carrier gas (helium) was 3 mL/min. The individual alkaloids were identified based on comparison of their mass spectra with NIST and Wiley libraries, with reported spectra in the literature, and finally with spectra of reference compounds isolated earlier in our laboratory. Retention indexes of the alkaloids were calculated based on retention times of the standard calibration n-hydrocarbon mixture (C7-C40; Sigma-Aldrich). One μL of a 50 μg/mL solution was injected to record the chromatogram of n-alkanes.
Isolation of alkaloids:
(-)-Californidine iodide, (-)-escholtzine, (-)-caryachine, (-)-O-methylcaryachine, (-)-scoulerine and (+)-Nmethyllaurotetanine were isolated from aerial parts and roots of Eschscholzia californica [19a] . Protopine and allocryptopine were isolated from aerial parts and roots of Chelidonium majus [19b] , and dihydrosanguinarine from a commercial extract of Macleaya cordata [19c] .
Isolation of (-)-platycerine:
Dried aerial parts and roots of Argemone platyceras (3.5 kg) were finely powdered and exhaustively extracted by percolation at room temperature with 95% (EtOH). The solvent was evaporated, the viscous brown residue treated with 2% HCl, filtered, the filtrate treated with 10% Na 2 CO 3 (pH ~9-10) and exhaustively extracted with Et 2 O. The organic layer was evaporated to give 10.35 g of residue. The diethyl ether extract was subjected to CC (Al 2 O 3 ) using step gradient elution with light petrol:CHCl 3 (4:1, 3:1, 7:3, 3:2, 1:1, 1:3, each 500 mL) and then continuing with EtOH:CHCl 3 (1:1, 2 L) to afford 9 fractions (A-I). Fraction 6 (1.5 g) was additionally dissolved in 2% HCl, treated with 10% Na 2 CO 3 (pH ~9) and extracted with Et 2 O. The residue was recrystallized from Et 2 O to give 500 mg of platycerine. The MS and NMR data were in good agreement with literature values [20a] . The in vitro antimicrobial activity was determined by the broth microdilution method using 96-well U-shape microtiter plates. Two-fold dilutions (10) of either each extract or compound were prepared in appropriate broth media at concentrations from 2048 to 4 µg/mL or 2048 to 4 µmol. Each well was inoculated with 5 µL of bacterial suspension at a density of 10 7 CFU/mL. The microtiter plates were incubated at 37°C for 24 h. The growth of microorganisms was inspected visually. Minimum inhibitory concentrations (MIC) were the lowest concentrations that resulted in complete reduction in growth compared with that of the growth control. The solution of DMSO (5%, v/v) in TBS was assayed simultaneously as the negative control. For better comparison, MICs of extracts and pure compounds are given in µg/mL ( Table  2 ). All samples were tested in triplicate.
Identification of alkaloids
Bacterial strains were selected to include both human and animal pathogens. The following strains were used: Enterorococcus faecalis CCM4224, Escherichia coli CCM3954, Pseudomonas aeruginosa CCM3955, Proteus mirabilis CCM7188, Staphylococcus aureus CCM3953, and S. hyicus CCM2368. All microorganisms were grown and tested in Mueller-Hinton broth (Oxoid, Brno, CZ). All strains were purchased from Czech Culture of Microorganisms (Brno, CZ). Tetracycline (Sigma-Aldrich, CZ) was used as positive control ( Table 2) .
